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Partnership Ecosystem Goals, Strategies and 
Outcomes

VISION

Species and 
Food-Web

Ecosystem Goals

Water 
Quality

Freshwater 
Quantity

Human Health 
and Well-being

Measurable outcomes and benchmarks for each goal

Strategies
Actions and measurable outcomes for each strategy

Habitat



Narrative goals have been 
identified for Ecosystem 
components

• Species and food webs
• Habitat
• Water quality
• Water quantity
• Human health
• Human well being
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What is an “Indicator”?

“…a sign or signal that relays a complex message, 
potentially from numerous sources, in a 
simplified and useful manner.  An ecological 
indicator is defined…as a measure, an index of 
measures, or a model that characterizes an 
ecosystem or one of its critical components.  An 
indicator may reflect biological, chemical or 
physical attributes of ecological condition.”

(Jackson et al., 2000)



Environmental Indicators
are attributes associated with 
specific ecosystem elements 
(e.g., water, plants, animals 
and people) that are used to 
characterize and 
communicate the condition of 
the ecosystem. 

INDICATOR: SALMON

The 2006 Partnership has defined an 
environmental indicator as a physical, 
biological, or chemical measurement, statistic 
or value that provides a proximate gauge or 
evidence of, the state of the condition of 
Puget Sound (ESSB 5372)

• may inform about the 
current or evolving state 
of key ecosystem 
elements, or   

• may inform processes or 
mechanisms that drive 
ecosystem health



EPA Indicator Development 
Guidance



National Research Council 
2000



Good environmental indicators are tools to 
manage ecosystems

To supply information
on environmental 

problems,
in order to enable 

policy-makers
to assess seriousness

To support policy 
development

and priority setting by 
identifying key factors that 

cause
pressure on the 

environment

To assess the 
effects of

policy responses

Environmental indicators may be used as a 
powerful tool to raise public awareness on environmental issues 

to 
strengthen public support for policy measures

In addition

In relation to policy-making environmental indicators are used for 
three major purposes:



“Good” indicators

• based on clearly defined goals and objectives 
and important elements in conceptual models 
that define key ecosystem structures and 
functions

• developed and selected in a logical, structured 
selection process that is scientifically rigorous 
and transparent

• must have broad regional agreement on the 
indicator selection criteria/framework



“Good” indicators

• based on clearly defined goals and objectives 
and important elements in conceptual models 
that define key ecosystem structures and 
functions

• developed and selected in a logical, structured 
selection process that is scientifically rigorous 
and transparent

• must have broad regional agreement on the 
indicator selection criteria/framework

… must be understood and of 
interest to lots of people.  

They must tell a story that resonates 
with the public and policy makers!



How do we go about selecting  
indicators?

• need specific goals and objectives 
• need conceptual models to build a 

common knowledge base and identify key 
functions/ processes

• must develop criteria and framework for 
indicator selection





Phase 1 Provisional Indicators Tasks

1. Develop criteria and a framework to be used for 
selecting environmental indicators. 

2. Create conceptual models that define key 
structures and function for the six Puget Sound 
ecosystem components.

3. Identify, compile, and summarize former, current 
and proposed indicators for the Puget Sound 
ecosystem.

4.      Select and evaluate the most suitable 
environmental indicators based on criteria/ 
framework and the conceptual models. 



Indicator Selection Guidelines

• Conceptual relevance
• Feasibility of implementation
• Response variability
• Interpretation and utility

Jackson et al.,eds. 2000.  Evaluation 
Guidelines for Ecological Indicators. 
EPA/620/R-99/005.  US EPA, ORD, 
Research Triangle Park, NC. 107 p. 



General importance
Does the indicator tell us something about  

major environmental changes?

Conceptual basis
Is the indicator based on a well understood

conceptual model?

Reliability
Has the indicator been used previously successfully?

Temporal and spatial 
scales

Can the indicator detect changes at 
appropriate temporal and spatial scales 

without being overwhelmed by variability ?

Criteria

Statistical properties
Is the indicator sensitive enough to detect 
changes not masked by natural variability?

Data requirements
What kind of data is necessary  to obtain reliable 

estimates of the indicator to be calculated?

Skills required
Is the data collection a straightforward process?

Robustness
Does the indicator yield

reliable and useful 
numbers?

Cost-effectiveness
Is the value of the information obtained with

the indicator cost-effective

Examples of 
criteria



What is a conceptual model?
• A conceptual model is a visual and/ or narrative 

explanation of how a system works or it is expected to 
respond (CALFED 2006).

• Useful ecological indicators are based on clear 
conceptual models of the structure and functioning of the 
ecosystems to which they apply (IMST, 1998).

• Ideally, conceptual models detail the assumed 
relationships between composition, structure patterns 
and processes relevant to the ecosystem being 
monitored.



Conceptual Model:  DPSIR

Drivers
e.g. population growth, climate change

Pressures
e.g. release of toxic chemicals (PBDEs)

State
e.g. increased levels of PBDEs, in pelagic food web

Impact
e.g. reproductive effects in fish??

e.g., increased learning disabilities 
in children

e.g. food consumption advisories

Eco-efficient indicators
Emission factors

Pathways and dispersion models

Risk assessment cost
and benefits of action
/inaction

Dose response indicators and relationships

Effectiveness of responses

RESPONSE
e.g. ban PBDE manufacture 

in WA state



Rationale for using conceptual models

• Serves as common knowledge base for 
scientist. 

• To elucidate causal links between 
indicators within the Puget Sound 
ecosystem components.

• Serves as a tool of communication with 
non-scientists.



Ecosystem 
Component

Ecosystem 
Sub-
Componet

Marine 
Areas

Freshwater 
Areas

Terrestrial 
Areas

Toxics x x
Nutrients x x
Pathogens x x

Water Quantity x
Species x x x
Habitats x x x

Human Health
Human Well Being

Water Quality

toxics, pathogen, nutrients plus 
connections

show as connections to other CM ?

LIST OF CONCEPTIAL MODELS TO BE
DEVELOPED



Atmospheric
Exchange

Human Uses,
Impacts (health
impacts, well being)

A B

Water
Quality

F

Freshwater
Flows/Quality

FE

Aquatic/
Terrestrial
Food Webs

C

Marine/
Estuarine Species
and Food Webs

C

Ocean
Exchange

Habitat Quality and Quantity, Processes

D

e.g., Salmon,
bald eagles

e.g. Vegetative cover in
riparian zone, aquatic insect 

abundance and diversity

e.g. Salmon 
spawning 
capacity, 

amphibian 
abundance

e.g. Beach nourishment from 
stream sediments, stream 
flows balance salinity and 

sustain marsh plants

e.g. Contaminant 
loadings, 

freshwater 
impacts on 

marine 
circulation

e.g. Nutrient inputs, 
toxic impacts

on food webs
e.g. Contaminants in 

Orcas, pathogen 
transfer

e.g. Suspended sediments 
reduce light for eelgrass, 

kelp beds filter
particulates

e.g. 
Eelgrass 
shelter 

for 
Dungene
ss crab, 
herring 
spawn 
on kelp 
fronds

e,.g.,Harmful algal 
blooms, changing 
ocean properties

e.g. Pollutant deposition, carbon 
dioxide absorption, warming 

temperatures
e.g. Harvest, aquaculture, consuming seafood, recreation, etc.



Drivers Pressures State Impact Response

cause cause cause cause

DPSIR FRAMEWORK



DPSIR definitions

processes and 
anthropogenic activities 
(production, consumption, 
recreation, etc) able to 
cause pressures.

Describe large scale socio-
economic conditions or 
sectoral trends such as land 
use and land cover and 
development in industry 
sectors.

Describe the social, 
demographic and 
economic developments in 
societies and changes in 
life styles, levels of 
consumption and 
production patterns.

DRIVER

Is the evaluations of 
actions oriented to 
solve environmental 
problems in terms of 
management 
strategies.

is the measure of 
the effects due to 
changes in the state 
of environmental 
system

reflects the 
environmental 
conditions of natural 
systems.

direct stresses, 
deriving from the 
anthropogenic 
system and affecting 
the natural 
environment.

Pirrone et 
al.2005

Include individual 
and collective 
actions to halt, 
mitigate, adapt to, or 
prevent damage to 
the environment. 

Defined as  the 
discrete measured 
changes in social 
benefit values linked 
to environmental 
conditions.

Address the state of 
the environment, the 
quality and quantity 
of natural resources, 
and the state of 
human and 
ecological health.

Describe natural 
processes and the 
results of human 
activities that 
impact, stress, or 
pose a threat to 
environmental 
quality

Bowen, 2003

Refer to responses 
by groups and 
individuals in 
society as well as 
government attempts 
to prevent, 
compensate or adapt 
to changes in the 
state of the 
environment. 

Describes impacts 
on the social and 
economic functions 
on the environment. 

Describes the 
quantity and quality 
of physical 
biological, and 
chemical 
phenomena in a 
certain area.

Pressures exerted by 
society are 
transported and 
transformed in a 
variety of natural 
processes to 
manifest themselves 
in changes in 
environmental 
conditions.

EEA

RESPONSEIMPACTSTATEPRESSUREReference



It’s a
Stressor

It’s a
Pressure

It’s a
Partnership

It’s a
State

It’s an
Impact

It’s a
Response
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Sources Pathways

Oceanic input 

Benthic flux

Groundwater

Riverine

Marinas & 
houseboats

Biological harvest & 
culture

WWTP/CSO 
discharges

Vessel discharges

On-site septic 
systems

Forest practices

Mechanism

Climate (long-term)

Air deposition

Runoff 
(agriculture & 
residential)

Stormwater

Groundwater

Riverine

DRIVERS

Nutrient 
Inputs

PRESSURE

Excessive plant 
growth (seaweed, 
phytoplankton, epiphytes) 

Decreased 
dissolved 
oxygen

Altered 
biological 
community 
structure

Biota death 
smothering, 
ammonia toxicity, 
low DO, or toxins

Decreased 
water clarity

Harmful algal 
blooms & shellfish 
closures ?

RESPONSE

Noxious 
odors

STATE IMPACT

Hydraulic 
connectivity

Mechanisms 

Circulation

Weather (short-term)

Climate (long-term)

Water Quality - Nutrients Conceptual Model



1. Indicator list of lists version.4

http://www.epa.g
ov/region10/psgb/

indicators/

Puget Sound/ 
Georgia Basin 

ecosystem 
indicators

different 
indicators on 

population, air 
quality, marine 
water quality, 

shellfish

there is a 
summary report 
per subject on 

the website2002

Environmental 
Protection 

Agency
EPA Georgia Basin-

Puget Sound Indicators

http://www.ecy.w
a.gov/programs/ea

p/stsmf/  
http://www.rco.w
a.gov/Documents/
Monitoring/Frame
work_Document.

pdf
Washington 
State streams 

Mostly 
monitoring but 
also contains 
indicators for 
water quality, 

habitat, riparian 
and upland and 

biologicalPage 31-462006
Department of 

Ecology

Status and Trend 
Monitoring for 

Watershed Health and 
Salmon Recovery 

http://www.psat.w
a.gov/Publications
/update_07/update

07.htm                  
Web portal folder 

inventory of 
indicators/Puget 
Sound Geogia

BasinPuget Sound2007
Puget Sound 
Action team

Puget Sound Update: 
ninth report of the Puget 
Sound assessment and  
monitoring program

PDF 
Posted/location 

online

Where 
developedIndicator Page #

Year 
publish

ed
AuthorDocument title



1. Indicator list of lists version.4

http://www.epa.g
ov/region10/psgb/

indicators/

Puget Sound/ 
Georgia Basin 

ecosystem 
indicators

different 
indicators on 

population, air 
quality, marine 
water quality, 

shellfish

there is a 
summary report 
per subject on 

the website2002

Environmental 
Protection 

Agency
EPA Georgia Basin-

Puget Sound Indicators

http://www.ecy.w
a.gov/programs/ea

p/stsmf/  
http://www.rco.w
a.gov/Documents/
Monitoring/Frame
work_Document.

pdf
Washington 
State streams 

Mostly 
monitoring but 
also contains 
indicators for 
water quality, 

habitat, riparian 
and upland and 

biologicalPage 31-462006
Department of 

Ecology

Status and Trend 
Monitoring for 

Watershed Health and 
Salmon Recovery 

http://www.psat.w
a.gov/Publications
/update_07/update

07.htm                  
Web portal folder 

inventory of 
indicators/Puget 
Sound Geogia

BasinPuget Sound2007
Puget Sound 
Action team

Puget Sound Update: 
ninth report of the Puget 
Sound assessment and  
monitoring program

PDF 
Posted/location 

online

Where 
developedIndicator Page #

Year 
publish

ed
AuthorDocument title

A total of 100 documents
were collected…



2. Indicators compiled by PSP contractor

Marine deep water   
Nearshore 
& estuarine

WQL-1Water QualityVolume and number of oil spils
in Puget SoundOil Spills8Oil Spills

Marine deep waterWQL-1       HH-1Water Quality              
Human Health

Average risk for English sole 1) 
developing liver lesions 
and 2) exposure to PAHs 
at selected locations. 
Data collected by WDFW, 
NOAA 17 years

Liver Disease in 
English sole7Fish - Toxicity

Nearshore & 
estuarine             WQL-1Water Quality--T

Concentrations of toxic 
contaminants ( PCBs, 
PDBE) in seal tissue

Toxics in Harbor 
Seals6Toxics in Harbor 

Seals

Nearshore & 
estuarine             WQL-1       HH-1Water Quality              

Human Health

Concentrations of toxic 
contaminants (PAHs, 
PCBs, mercury) in mussel 
tissue

Toxics in Mussels5Toxics in Mussels

Nearshore & 
estuarine   
Marine 
deep water  
Freshwater 
(few)

WQL-1       HH-1Water Quality              
Human Health

Concentrations of toxic 
pollutants (PCBs, PBDEs) 
in chinook and coho 
tissue

Toxics in Chinook and 
Coho salmon4Fish - Toxicity

Ecosystem 
Habitat 
Type 

PSP Outcome
Ecosystem 

Component 
(Topic Forum)

Indicator Description
Indicator Name 

(used in 
Document)

#Master 
Indicator



2. Indicators compiled by PSP contractor

Marine deep water   
Nearshore 
& estuarine

WQL-1Water QualityVolume and number of oil spils
in Puget SoundOil Spills8Oil Spills

Marine deep waterWQL-1       HH-1Water Quality              
Human Health

Average risk for English sole 1) 
developing liver lesions 
and 2) exposure to PAHs 
at selected locations. 
Data collected by WDFW, 
NOAA 17 years

Liver Disease in 
English sole7Fish - Toxicity

Nearshore & 
estuarine             WQL-1Water Quality--T

Concentrations of toxic 
contaminants ( PCBs, 
PDBE) in seal tissue

Toxics in Harbor 
Seals6Toxics in Harbor 

Seals

Nearshore & 
estuarine             WQL-1       HH-1Water Quality              

Human Health

Concentrations of toxic 
contaminants (PAHs, 
PCBs, mercury) in mussel 
tissue

Toxics in Mussels5Toxics in Mussels

Nearshore & 
estuarine   
Marine 
deep water  
Freshwater 
(few)

WQL-1       HH-1Water Quality              
Human Health

Concentrations of toxic 
pollutants (PCBs, PBDEs) 
in chinook and coho 
tissue

Toxics in Chinook and 
Coho salmon4Fish - Toxicity

Ecosystem 
Habitat 
Type 

PSP Outcome
Ecosystem 

Component 
(Topic Forum)

Indicator Description
Indicator Name 

(used in 
Document)

#Master 
Indicator

Individual Indicators listed 
for 69 of 104 documents…



Approaches for Indicator Selection

•• Historical UseHistorical Use

• Criteria - applied to individual indicators 

• Hierarchical Evaluation Guidelines - provides a framework to ask the 
right questions in a structured a manner (e.g. Kurtz et al. 2001) 

• DPSIR- criteria applied to a set of indicators in causal chain

• eDPSIR - criteria applied to multiple causal chains (e.g. Niemeijer and de 
Groot 2008)



Phase 2+

• Continue dialogue between policy and science 
• Using the criteria and framework developed in 

Phase 1, refine indicator selection, add new 
indicators, create synthetic indicators as needed.

• Refine conceptual models. 
• Add thresholds to Indicators
• Use Integrated Ecosystem Assessment (IEA) to 

model management scenarios 
• Trade-offs must happen between goals



Indicator selection involves iterative 
dialogue between policy and science

Policy-Science interface

policy science

Indicators SC and TWG 
Science Panel 

Scientific Community

Leadership Council 
Ecosystem Coordination Board

General Public



State of the Gulf (of Maine)
• “Lessons Learned” by Developers of 

Environmental Indicators (2003)
– 2 to 5 year process ($100 - $200k + donated time)
– Considered existing data or didn’t
– Initial lists ranged from 100 to 800 candidate 

indicators and final lists from 6 to 100
– Indicators and workgroups divided into sub-groups 

based on issues (water quality, biota, land use)
– Data and resource limitations for sampling common
– Difficult to match indicators to target audience
– Regrets that wider range of individual not consulted to 

make indicators more useful in management and 
policy-decision making

http://www.gulfofmainesummit.org/docs/Lessons_Learned_Report.pdf



State of the Gulf (of Maine)

• “Lessons Learned” by Developers of 
Environmental Indicators (2003)
– Few interviewees could cite any specific 

instances where indicators or reports were 
explicitly used for policy or management 
decisions

http://www.gulfofmainesummit.org/docs/Lessons_Learned_Report.pdf



Economic Indicators


